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(54) Power conversion system 

(57) A power conversion system always keeps a 
constant voltage level relative to the ground potential 
and shows an improved controllability for the noise com- 
pensation current. In the noise reduction circuit (8) of 
the system, a rectified DC voltage is applied to the pos- 
itive side output line (P1) and the negative side output 
line (N1). The DC voltage is divided by a pair of capaci- 
tors (Cp. Cn) connected in series with the intermediary 
point (11) held to the ground potential. Thus, the posi- 
tive side output line (P1) can always supply a positive 
voltage that is held to a constant level relative to the 
ground potential. Similarly, the negative side output tine 
(N1 ) can always supply a negative voltage that is held to 
a constant level relative to the ground potential. Addi- 
tionally, as the transistors (Tr1 , Tr2) are controlled for 
on/off operations by the amplifier (7), the noise compen- 
sation current (i) flows through the noise reduction cir- 
cuit (8) between the input grounding terminal of the full- 
wave rectifier (2) and the ground. 




FIG.7 
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[0001] Thj s lnvenfo . 

system comprising a noise ^ COnversion 

'c*a noise comp e nsa"S CU n^ 7** ***** *° 
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connection. The 3-phase AC^.£ ° W 3 ' phase brid 9e 
source is transform* So ° 2 ft ^ *° 
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ss r r - is a — - 
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motor and the frame £11?,! T d '" 9S of tne electric 
change of the voltage ""^ * tne ra,e "°'- 



the grounding lines between the elects nw . 
grounding terminal of the AC mT^ ^ 4 and »» 
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1 to the electric motor 4, the noise reduction circuit turns 

on only the npn-type transistor Tr1 . 

[0020] Then, the noise compensation current i flows 

from the diode D1 , D2 or D3 of the full-wave rectifier 2 to 

the grounding line by way of the positive side input line s 

P, the npn-type transistor Tr1 and the coupling capacitor 

C1. 

[0021] Therefore, the leakage current 11 flowing from 
the grounding line of the AC power source 1 to the elec- 
tric motor 4 is cancelled by the noise compensation cur- w 
rent i. 

[0022] However, in the power converter having a con- 
figuration as described above, the positive side input 
line P of the full-wave rectifier 2 shows the ground 
potential when, for instance, the diodes D3 and D4 of is 
the full -wave rectifier 2 are held in an electrically con- 
ductive state in the full-wave rectifier 2. 
[0023] Then, if the npn-type transistor Tr1 is turned on, 
no noise compensation current i flows from the noise 
reduction circuit and noise becomes uncontrollable 20 
because the positive side input line P and the ground 
show no potential difference. 

[0024] If, on the other hand, the devices D6 and D1 of 
the full-wave rectifier 2 are held in an electrically con- 
ductive state, the negative side input line N of the full- 25 
wave rectifier 2 shows the ground potential. Then, if the 
pnp-type transistor Tr2 is turned on, no noise compen- 
sation current i flows from the noise reduction circuit 
and noise becomes uncontrollable because the nega- 
tive side input line N and the ground show no potential 30 
difference. 

[0025] This problem arises also in the arrangement of 
FIG. 5 where a total of n sets A1 through An, each com- 
prising a power converter of a full-wave rectifier 2 and a 
inverter 3 and an electric motor 4, are connected in 35 
series. In FIG. 5, only the set A1 is illustrated in detail 
because all the sets A1 through An are identical. The 
power conversion system of FIG. 5 is provided with 
noise reduction circuits as shown in FIG. 6 arranged for 
the respective power converters. However, the arrange- 40 
ment of FIG. 6 is not free from the problem of uncontrol- 
I ability. 

[0026] Additionally, the power conversion system of 
FIG. 6 has as many noise reduction circuits as the 
number of power converters to make it less adapted to 45 
down-sizing. 

[0027] Therefore, it is an object of the present inven- 
tion to provide a power conversion system that can keep 
its potential to a constant level relative to the ground 
potential to improve the controllability of the noise com- so 
pensation current. 

[0028] Another object of the present invention is to 
provide a power conversion system comprising a plural- 
ity of power converters that can reduce the noise by 
means of a common noise reduction circuit the power ss 
converters are connected in series and, therefore 
adapted to down-sizing. 

[0029] According to the invention, the above objects 



and other objects are achieved by providing a power 
conversion system comprising: 

an AC power source; 

a power converter for converting an AC power sup- 
plied from the AC power source into an AC power 
with a selected frequency in order to individually 
drive an electric motor; and 
a noise reduction circuit for detecting the leakage 
current from the supply line of the AC power source, 
if any, and flowing a noise compensation current to 
the supply line of the AC power source; 
the noise reduction circuit having: 
an insulating transformer having its primary side 
connected between the AC power source and the 
power converter; 

a rectifying circuit connected to the secondary side 
of the insulating transformer; 
positive side and negative side capacitors con- 
nected in series between the positive output line 
and the negative side output line of the rectifying 
circuit; 

a connection means for connecting the serial con- 
nection point between the positive side and nega- 
tive side capacitors to a grounded common AC 
input line arranged upstream relative to the power 
converter; 

a positive side switching device having one of its 
end connected to the positive output line; 
a negative side switching device having one of its 
ends connected to the negative side output line and 
having an ON/OFF characteristic opposite to that of 
the positive side switching device; 
a coupling capacitor arranged between the other 
ends of the positive side and negative side switch- 
ing devices and the ground; and 
a switching control means for amplifying the leak- 
age current detection signal and applying the 
obtained amplified signal to the control inputs of the 
positive side and negative side switching devices. 

[0030] With the above arrangement of the present 
invention, while a rectified DC voltage is applied to the 
positive output line and the negative side output line of 
the rectifying circuit, the intermediary DC connection 
point between the positive side capacitor and the nega- 
tive side capacitor is held to the ground potential to 
divide the DC voltage. 

[0031 ] Therefore, the positive side output line can con- 
stantly supply a positive constant voltage relative to the 
ground potential, while the negative side output line can 
constantly supply a negative constant voltage relative to 
the ground potential. Thus, a power conversion system 
according to the invention shows a remarkably 
improved controllability for the noise compensation cur- 
rent because the above supplied voltages can be held 
to a constant level relative to the ground potential. 
[0032] Additionally, when the positive side and the 
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arrangement Providian ^^ters so that this 
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-g the system if TfSJZ If™ 9 *• of «wJ? 
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system. t0 3 9reat Vantage of down-sizing the 
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"-tofhe AC^ n ^^- n ^nt is made to 
capacitors of the star-™™^ neutra ' P 0 '* of the 
s f-fced above, t^^^^^^ 

a noise cun-ent can h a -! 'eakage current that is 
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[00381 A J! C6d Wrtnout difficulty. 

"Won mJSSTSS^ f^" 9 to » e 
M d «e«oranangedS^ 

the connection , poinTof h e source «han 

capacitors of toesS ^1™'*'' means (°r the 
and adapted tZSS^^?* •» 
t any, and inputthe obte^ T. the,eaka 9 e current, 
» control means deteCfon si9 " al to the 

Sed ^£7e%^° »™ detector is 

nectionpoimcrftheconn^^fT ^ tne co "- 
of the star-^nnectioraSl^ 8 ( or ^e capacitor 
» age current, if any, S ^ "' ne ' ,he 
n«se compensatfon cunS^f 9 ^ from *• 
rr npoi. ,o furthers 
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35 tion may also be a subS, 80 tnat 1,16 "^en- 
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-«tr 5 rl 6 ^ matic .c-it diagrams of 
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to the invention S T T SyStem *«««"«» 
FIGS. 8 and ^ aret? enphera ' arrangement; 
noise redudnglLbn^f^/'^^ of *• 
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embodiment; 

FIG. 12 is a schematic circuit diagram of a second 
embodiment of power conversion system according 
to the invention and the peripheral arrangement; 
FIG. 13 is a schematic circuit diagram of a power s 
conversion system obtained by modifying the sec- 
ond embodiment; 

FIG. 14 is a schematic circuit diagram of a third 
embodiment of power conversion system according 
to the invention and the peripheral arrangement; 10 
FIGS. 1 5 through 1 7 are schematic circuit diagrams 
of power conversion systems obtained by modifying 
the third embodiment; and 

FIG. 18 is a schematic circuit diagram of a fourth 
embodiment of power conversion system according is 
to the invention and the peripheral arrangement. 

[0043] Now, the present invention will be described in 
greater detail by referring to the accompanying draw- 
ings that illustrate preferred embodiments. 20 

(1st Embodiment) 

[0044] FIG. 7 is a schematic circuit diagram of a first 
embodiment of power conversion system according to 25 
the invention and the peripheral arrangement. In FIG. 7, 
the components same as or similar to those of FIG. 2 
are denoted respectively by the same reference sym- 
bols and will not be described any further. Same is true 
for the other embodiments. Therefore, only the sub- 30 
stance of the present invention will be described herein- 
after. 

[0045] This embodiment is designed to improve the 
controllability of a noise compensation current. More 
specifically, it comprises a noise reduction circuit 8 35 
obtained by improving the known noise reduction circuit 
6. The noise reduction circuit comprises an insulating 
transformer 9 and a rectifying circuit 10 for producing a 
potential difference between the collector of each of the 
transistors Trl, Tr2 and the ground and capacitors Cp. 40 
Cn for flowing a noise compensation current i to and 
from the input grounding terminal of full-wave rectifier 2 
depending on the on/off condition of the respective tran- 
sistors Trl, Tr2. 

[0046] The insulating transformer 9 has its primary 45 
side connected to the supply line passing through the 
leakage current detector 5 and its secondary side con- 
nected to the rectifying circuit 10. 
[0047] The rectifying circuit 10 operates for full-wave 
rectifying the output AC voltage of the secondary side of so 
the insulating transformer 9 and supplying the obtained 
DC voltage to the npn-type transistor Tr1 and the pnp- 
type transistor Tr2 arranged between the positive side 
output line P1 and the negative side output line N1. 
More specifically, the rectifying circuit 10 has the posi- ss 
tive side output lin P1 connected to one of the opposite 
ends of the capacitor Cp and the collector of the npn- 
type transistor Tr1 and the negative side output line N1 



connected to one of the opposite ends of the capacitor 
Cn and the collector of the pnp-type transistor Tr2. 
[0048] To be more accurate, the positive side output 
line P1 of the rectifying circuit 10 is connected to the 
negative side output line N1 by way of the capacitors Cp 
and Cn having a same capacitance. The serial connec- 
tion point (neutral point) 1 1 of the capacitors Cp and Cn 
is connected to the input grounding terminal of the full- 
wave rectifier 2 by way of the connection line 11a. 
[0049] The power conversion system having the 
above described configuration operates in a manner as - 
described betow for noise reduction. 
[0050] A DC voltage rectified for the full-wave is 
applied to the positive side output line P1 and the nega- 
tive side output line N1 of the rectifying circuit 10 and 
the DC voltage is divided by the two capacitors Cp and 
Cn with the intermediary connection point 1 1 held to the 
ground potential. 

[0051 ] As a result, the positive side output line P1 can 
always supply a positive voltage that is held to a con- 
stant level relative to the ground potential. Similarly, the 
negative side output line N1 can always supply a nega- 
tive voltage that is held to a constant level relative to the 
ground potential. Thus, unlike the prior art, it is always 
possible to control the noise compensation current i. 
[0052] To describe more accurately, in the noise 
reduction circuit 8, the transistors Tr1 , Tr2 are turned on 
and off inversely relative to each other when they 
receives an output signal from the amplifier 9 at their 
bases to connect either the positive side output tine P1 
or the negative side output line N1 to the ground by way 
of the coupling capacitor C1 . 

[0053] For instance, if a leakage current 11 flows into 
the grounding line of the AC power source 1 from the 
electric motor 4, the noise reduction circuit 8 turns on 
only the pnp-type transistor Tr2 as shown in FIG. 8. 
[0054] Thus, the noise compensation current i flows 
into the input grounding terminal of the full-wave rectifier 
2 through the coupling capacitor CI. the pnp-type tran- 
sistor Tr2, the negative side output line N1 and the 
capacitor Cn. 

[0055] Therefore, the leakage current 11 is cancelled 
by the noise compensation current i flowing into the 
grounding line of the AC power source 1 . 
[0056] If, on the other hand, a leakage current 11 flows 
into the electric motor 4 from the grounding line of the 
AC power source 1 , the noise reduction circuit 8 turns 
on only the npn-type transistor Tr1 as shown in FIG. 9. 
[0057] Thus, the noise compensation current i flows 
into the grounding line from the input grounding terminal 
of the full -wave rectif ier 2 through the capacitor Cp, the 
positive side output line P1 , the npn-type transistor Tr1 
and the coupling capacitor C1 . 
[0058] Therefore, the leakage current 11 is cancelled 
by the noise compensation current i flowing into the 
grounding line of the AC power source 1 . 
[0059] This effect of cancelling the leakage current 11 
will be described by referring to the waveforms of FIGS. 
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3- Thus, unlike the prior art th» ' of fte ,nver ter 
Mn «owanoisecomSnlL^ ^°' Se reduc «on circuit 8 

an electrically cj uctj ^ 3 are held in 

the insulating transformer Y fhi ^ ^ '"'^sition of 
to* to the ground caTte J^T*! 6 POtentia ' re la- 
^'ta 9 e applied to Z rZ^t?T* *** *• 
thereof. Thus, the elementTof th« ^ oapacitance 
3 " re d"ired to showaS^th^ 

commercially avaiiaWetrtSSj? 96 "* hence 
npn-type transistors anri nn. f elements such as 

for the purpose o \?l!SET? "** be used 
elements can be ZS^S^ f"* Curren « control 
35 sation current i by me^fT 9 'f 96 noise oompen- 
the amplifier 7. iSS^l ^ ^ «*- *»n 
ments of this embodimlnTl CUrrent oontrol ele- 
aduivalent to X^S^*^'*"** 
adapted to control a laroT™^ eqU6nCy amplifier 
4 " small S ig nal . Thus me er^T by mean s of a 

small and inexpe^e SlT* ' S USed to rea '^ a 
corrfiguration^d^l"™ 56 reducer having a simple 

sat.on current i for caiSJTJST ^ "° iSe ^mpen- 
< s the side of the full-wave 25 *? ,eaka9e c »rrent II at 

the leakage c U n^deSn a ^ n ° tto, ' nterfere 
age current detector 5 9 ° Perat,on of *e leak- 

- Si 5 isXrc^eTtn 6 2 — 
relative to the serial conn^' AC ^urce 1 
«ne of the M^JSS 2 ^r,J? ,the « inpirt 
any. can be detected inSnde^ , 3ka9e CUrrenf - if 
noise compensation r^^f rt y ,rom ,h e flow of the 
* foil-wave recS? to ?2 6nt ' ,he AC in P"t «ne of fte 

l ^fotheam P liner7SX^? ,nertedinpa ' a '- 
t0r -^Mtt^te 
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amplification gain of amplifier adjustable. This modif la- 
bility is applicable to all the embodiments that will be 
described hereinafter. 

[0072] As shown in FIG. 1 1, the embodiment may be 
so modified as to comprise a plurality of power convert- 
ers connected in parallel. Then, the operation of extract- 
ing an AC voltage of the insulating transformer 9 and 
that of flowing in/out a noise reduction circuit i of the 
noise reduction circuit are conducted relative to the 
common AC input line. Then, the connection points of 
the noise reduction circuit are excluded from the power 
conveners and collectively arranged to the upstream 
thereof so that this arrangement provides an advantage 
of commonly using the noise reduction circuit in addition 
to the above identified noise reduction effect. In other 
words, the noise of driving the system can be reduced 
by means of a common noise reduction circuit to a great 
advantage of down-sizing the system. 

(2nd Embodiment) 

[0073] FIG. 1 2 is a schematic circuit diagram of a sec- 
ond embodiment of power conversion system according 
to the invention and the peripheral arrangement. 
[0074] This embodiment is realized by modifying the 
first embodiment so as to make it adapted to control a 
large noise compensation current i in order to compen- 
sate a large leakage current 11 . More specifically, in the 
noise reduction circuit 8a of this embodiment, the 
number of component series circuits, each comprising 
an npn-type transistor Tr1 and a npn-type transistor Tr2, 
is increased and the series circuits are electrically con- 
nected in parallel. Note that the number of the series cir- 
cuit that are connected in parallel is proportional to the 
leakage current and may be selected appropriately 
depending on the situation. 

[0075] With the above arrangement, again, since the 
parallel circuits of a plurality of npn-type transistors Tr1 
through Trn and the parallel circuits of a plurality of pnp- 
type transistors Tr2 through transmitter show a large 
current capacity, a large noise compensation current i 
sufficient to cancel a large leakage current 11 can be 
made to flow. 

[0076] Note that the electric current that can be made 
to flow to each of the transistors Tr1 1 Tr2 is limited by the 
rated current of each of the transistors Trl , Tr2. How- 
ever, current control elements such as transistors capa- 
ble of controlling a high frequency are generally 
adapted only to a low voltage and a low current capac- 
ity, if current control elements adapted to a high voltage 
and a high current capacity are prepared, they will find 
only limited applications and hence can be manufac- 
tured only at high cost. 

[0077] However, with this embodiment of the invention 
where a desired level of voltage can be selected by 
means of the insulating transformer 9, the transistors 
Trl , Tr2 can be connected in parallel to increase the cur- 
rent capacity regardless of the voltage. 



[0078] This embodiment can be modified to comprise 
a plurality of power converters that are connected in 
parallel. Then, the modified embodiment can also be 
down-sized by using a common noise reduction circuit. 

5 

(3rd Embodiment) 

[0079] A power conversion system according to the 
invention may be applied to an AC power source having 

10 a star-connection. Firstly, the technological background 
of such an arrangement will be discussed below. 
[0080] If the first embodiment is simply applied to an 
AC power source having a star-connection, there arises 
a problem that a noise compensation current i for can- 

is celling noise cannot be made to flow because the neu- 
tral point of the star-connection is grounded and the AC 
power source having a star-connection does not have 
any supply line having a grounding line. On the other 
hand, a 3-phase 4-line type power source is required to 

20 return the leakage current flowing to the power source 
grounding terminal back to the neutral point and com- 
pensate the leakage current. 

[0081 ] Thus, there arises a problem that a cost of sys- 
tems will be increase because using a 4-line type wiring 

25 or NFB(negative feedback). 

[0082] This embodiment is designed to solve the 
above problem. To explain the design concept underly- 
ing the embodiment, a simple arrangement of combin- 
ing a power converter and an electric motor 4 will be 

30 discussed first by referring to FIG. 14 and then the argu- 
ment will be applied to a power conversion system com- 
prising a plurality of combinations of a power converter 
and an electric motor 4. 

[0083] FIG. 1 4 is a schematic circuit diagram of a third 
35 embodiment of power conversion system according to 
the invention and the peripheral arrangement. 
[0084] As shown, the AC power source 1 of the pre- 
ceding embodiments is replaced by an AC power 
source 1a having a star-connection with its neutral point 
40 12 grounded and three capacitors C2 through C4 of the 
star-connection, each having one of its end connected 
independently to the corresponding one of the 3-phase 
AC input lines between the leakage current detector 5 
and the full-wave rectifier 2 and the other end connected 
45 to the neutral point Pi. The neutral point P1 of the 
capacitors C2 through C4 is connected to the series 
contact point 1 1 of the capacitors Cp, Cn in the noise 
reduction circuit 8b. 

[0085] With the above arrangement, the three capac- 
50 itors C2 through C4 connected equivalents relative to 
the AC power source 1 a having a star-connection are 
then connected to the 3-phase AC input line. Note that 
the neutral point Pi of the star-connected capacitors C2 
through C4 is a virtual grounding point that corresponds 
55 to the neutral point 12 that is the grounding connection 
point of the star-conn cted AC power source 1a. 
[0086] Then, the series connection point 11 of the 
capacitors Cp, Cn of the noise reduction circuit 8b is 
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forthefdi-vvaveis ^,^^ ° C reamed 
^artfmenegativ^^ 

ary series connection p^int i K to * * ' nt&m&dh 
the wrtual grounding point (mum „ 6 po,enfia ' of 
capacitors Cp, Cn. ' p0,nt Pi > *>Y the two 

[0087] Thus, as in the case «f#,» 
ments, that it is possibl ^Z^*""** embodi - 
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heldtoaa.nstam.evelrSetom VeWte9etha, « 
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toacons^S^to^^thatisTS; 
abounding so keep the * ^ ^ °' ,he virtual 
under control. 6 compensation current i 

10088] More specifically »h- 
rent i flows into or compensation cur- 

the series connecticTpS U rSZ " ne by wav 
of the noise reduction ^u ft » JV!? 8 Cit0rs C * C " 
present invention of thesSl neufral Point 

02 through C4 dJjJJ^E*? *«. capacitors 
transistors Tr1. Tr2 The Zre 1 ^,°T « W " oi 
effectively cancelled ™ ,eak a9e cunent 11 fe 
ments. any of the preceding embodi- 

for a star-connected AC ooZ Z 6 f,rst en *>odiment 
nected three capacto/scS ?T 1a as «"-oon- 
the 3-phase AC 52X * n5 2? * are « 
capacitor C2 thrash ™ P1 of the 
-ng point to the series conSn ^ 38 Virtua ' 
tors Cp. Cn of the S Panl " 0,th e capac- 
[0090] Thi<; reduction circuit 8b. 

* thi coZnT^oZtr?" * 
Tn . Tr2 that are connect in U " S ° f ^ transistors 
control a large S^SS^* -* ** to 
case of the second eSSt ST* ' 38 in the 
Alternatively, the third sm T Snown in F 'G. 15 
such a way ^fp^^canalsobe mocked 
Parallel as in the casfo 1» connected 
shown in FIGS. i 6 ^ y Seconi embodiment, as 
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(4th Embodiment) 



n*od,ment is applied to all ?c ^ ^ the tnird 
•ng respective groundina oointe ^f 0 "^ sources hav- 
to the supply | jn e. " 9 P °' nts ,nat are not connected 
[°093] More specifically the Ar ~ 



5 * the connection 
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connection line ? c afiX ^ 8(1 bv wa V °f the 
ro embodiment. ,ne case of the preceding 

[0094J With the above 

C5 trough C8 thaTa? ST e *«*» 
relative to the AC powl 25^?f ed lenity 
connected AC powe^ r «" !l. 1b hav,n9 *» delta- 
's *• 3-phase AC input^ f 6 to 
delta-connected c^acSS iS^S* 1 Pa of *• 
virtual grounding 2r 9 ° 8 ° Pera,e as 

P^nt 13 between L ^^T^ to *• neutral 
Oround connection r££Z * °! S , eCt,0ns «« « the 
» Power source lb * he oe,1 a-connected AC 

- conne^P^J^T^ 

Point 13 of two Zsi 9 L° Unaed at ^e neutral 

the third embodimem a ' SOprov,des *» advantage of 

SSng ^SPS^ °l ^ embodi r»ent of (1) 

and (2, connecting the ne^rl?n? t o C ^ 80 «» ^ 
C5 through C8 (^SSSST? * the capacitors 
the grounding c!onne«?n S^i^ 68 ^^ * 

35 °P- connection of the noise redZl capacitors 
applied not only to the AC 1^ ° C ' rCurt 80 °an be 
embodiment o, £J% ^21?*"* 1aof ** «hW 

en*odimertbuta.so toCAC^ rCe 1b ° ,the fou * 
grounding terminal m<S^TZ 8 ° UrCe havi "g a 
40 [0098] Additionally S^' th , eSUPP ' y,ine 
this embodiment may brmi^ ,Ca " y i,,lJStrate o. 

15 - a plurality of inverters 1 Jl Sfl0wn ,n 
as shown in FIG. 16orbotiWhl f*^ h P 3 ^' 
« to Provide a similar advSSgl: 'hem as shown in FIG. 17 

(Other Embodiments) 

andoneormorethanorepZX^^ 5 ^ 
ating as so many ataJS ^ petan ««» H2 oper- 

compensationcunemrm^ C ° ntr0 " in9 the ""se 
replaced by other elem^t ^ Tr1 ' Tr2 may be 
• current ^a): m ee t r ,t TSrelT?'" 9 an 

withstand voltage and ^ 0,8 ° f havi "g a high 
P-tuce a fiZ^SSSS^XSl fr6qUenCy to 
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Claims 3. 

1 . A power conversion system characterized by com- 
prising: 

5 

an AC power source (1 ) ; 
a power converter (2, 3) for converting an AC 
power supplied from said AC power source into 
an AC power with a selected frequency in order 
to individually drive an electric motor (4); and io 
a noise reduction circuit (8) for detecting a leak- 
age current from a supply line of said AC power 
source, if any, and flowing a noise compensa- 
tion current to said supply line of said AC power 
source; 15 
said noise reduction circuit having: 
an insulating transformer (9) having its primary 
side connected between said AC power source 
and said power converter; 

a rectifying circuit (10) connected to a second- 20 
ary side of said insulating transformer; 
positive side and negative side capacitors (Cp, 
Cn) connected in series between a positive 
output line (P1) and a negative side output line 
(N1) of said rectifying circuit; 25 
a connection means (11a) for connecting a 
serial connection point between said positive 
side and negative side capacitors to a 
grounded common AC input line arranged 
upstream relative to said power converter; 30 
a positive side switching device (Tr1) having 
one of its end connected to said positive output 
line; 

a negative side switching device (Tr2) having 
one of its ends connected to said negative side 35 
output line and having an ON/OFF characteris- 
tic opposite to that of said positive side switch- 
ing device; 

a coupling capacitor (CI) arranged between 
the other ends of said positive side and nega- 40 
tive side switching devices and the ground; and 
a switching control means (7) for amplifying a 
detection signal of said leakage current and 
applying an obtained amplified signal to the 
control inputs of said positive side and negative 45 
side switching devices. 

2. A power conversion system according to daim 1 , 
characterized by further comprising: 

50 

a leakage current detector (5) arranged closer 
to said AC power source than a connection 
point of said connection means and said AC 
input line and adapted to equivalents detect 
said leakage current, if any, and input said 55 
obtained detection signal to said switch control 
means. 



A power conversion system according to claim 1 or 
2, characterized in that 

said AC power source has multi-phase power 
source sections and one of the multi-phase 
power source sections is grounded. 

. A power conversion system according to one of 
claims 1-3, characterized in that 

each of the positive side and the negative side 
switching devices have a plurality of switching 
elements (Tr1 through Trn, Tr2 through Trm) 
electrically connected in parallel. 

5. A power conversion system characterized by com- 
prising: 

a common AC power source (1); 
a plurality of power converters (2, 3) for con- 
verting an AC power supplied from said com- 
mon AC power source into an AC power with a 
selected frequency in order to individually drive 
an electric motor (4); and 
a noise reduction circuit (8) for detecting a leak- 
age current from a supply line of said common 
AC power source, rf any. and flowing a noise 
compensation current to said supply line of 
said common AC power source; 
said noise reduction circuit having: 
an insulating transformer (9) having its primary 
side connected between said common AC 
power source and said power converters; 
a rectifying circuit (10) connected to a second- 
ary side of said insulating transformer; 
positive side and negative side capacitors (Cp, 
Cn) connected in series between a positive 
output line (P1) and a negative side output line 
(N1) of said rectifying circuit; 
a connection means (11a) for connecting a 
serial connection point between said positive 
side and negative side capacitors to a 
grounded common AC input line arranged 
upstream relative to said power converters; 
a positive side switching device (Tr1) having 
one of its end connected to said positive output 
line; 

a negative side switching device (Tr2) having 
one of its ends connected to said negative side 
output line and having an ON/OFF characteris- 
tic opposite to that of said positive side switch- 
ing device; 

a coupling capacitor (C1) arranged between 
the other ends of said positive side and nega- 
tive side switching devices and the ground; and 
a switching control means (7) for amplifying a 
detection signal of said leakage current and 
applying an obtained amplified signal to the 



17 



"action point of sawJ^^T* ,han a un- 
said AC input line S SSS" a " d 
detect said leal^uS? ? * equiva,ent| y 
said obtained detect^ t . a " y ' and "W 
control means. a9na ' to said switch 

ptseZTsou^ SOUrCe has ** 
grounded. e sec tions i s 20 

8 * A P°wer conversion sx/Qte™ 

« a ™S-7.characS^^^ t0 ona °< 

elements (S r " V** ° f etching 

9 " ^^-^character.edoycom 

3 power converter /o o\ 

^suppfiedSiSSSir 09 a " AC 
an AC power with a setectedte™ «. Source ,n *° 
to individual drive an SSI* 1 Cy 0rder 
^^ereduc^iondrclu^ " s H motor and 
asecurremfronTaJuSS fordetecfi ngaleak- 
source, i, any saidACpower 
Bon current toSmSl corn Pensa- 
source; supply line of said AC power 

said noise reduction circuit havina- 

and said power converter ^ SOUrce 
a rectifying circuit (10) connecter! 
ary side of said ins .i^vTL t0 a se cond- 
positive side a ^ nl at 9 fc ? nsto ""»: 

On) -nne^ n ^% a 2 CaPaCit0 ' S ^ 
output line (Pi) anda^L? a P°*&« 

Pandentiy J L £^ fl ^W•■ 
l ^w«^ reiatt* to M « 6 arra nged 
6 to said power converter and 



EP 0 986 165 A2 



18 



ZuP0 ; endC ° nneC,ed 10 —n neutral 

n^7po1rToS S ci: ,b l for said 
Won to the sliai rrfn ^ ators for star-connec- 
said poSi al^ eCt, ° n POint (1 1 > b6 twaen 

"Pstream relatStos^d ^ ^ arra " 9ed 
a positive side sZteS^*™*™- 
one of its tJSLSJS *""* (Tr1 > n ^ng 
line; kneeled to said positive output 

t'c opposite to that ofsaidiv!^ characteris- 
ing device; d posrt,ve sid e switch- 
a coupling capacitor ( C i) armm~. k . 
toe other ends of sain Vll ■«? ^ te tween 
t-esidesv^^?^.^^ and nega- 

« switching contral means m S * 9rou " d ; and 
Section signal of S*2£ r^'" 9 3 
applying an obtained S and 

a leakage current detertnr k\ 
to sad AC power £? ^ C,oser 

Point of said rStneS m ~ " 3 C ° nnection 
^Put line and adS ♦ ' T"* Said AC 
said leakage cuS » ******* detect 
obtaineddetec?on!ll any ' and '"Put said 
means. °" S ' 9nal t0 said switch control 

Power source sections ?^^ n,U *^ 

agents 9 (Though ^ f*** 
alectricallyconnectedin^ ^ Trm) 



30 



35 



40 



50 



55 



10 



EP0986165A2 




F1G.1 



N 



Q4 r 



105 JQ5, 



c 

s 



•C1 



FI6.2 

■»«« 





12 



EP 0 986 165 A2 



A1 



D1 



D4 



D2 



D5 



D3 



D6 



-. P 



N 



Q1 



04 



c 

s 



"T 
4 



J 



n 



A2 



An 



FIG.5 



13 



EP0 986 165 A2 




14 



EP0986165A2 




FIG.7 



15 



EP0986165A2 




FIG.9 



17 



EP0986165A2 




EP0 986165 A2 




EP0 986165A2 




EP0986165A2 




EP 0 986 165 A2 



3^ 

s 7. 



CO 



o 



5^ 



.CM 



CM 
O 



cm; 



HI 



| F ;r 



CO 

o 



ID 
Q 



CO 

o 




CM 



cx 

<-> c 



7T 



EP0 986 165 A2 




24 



EP 0 986 165 A2 




EP0 986 165 A2 




26 



J 



(19) 



1 



(12) 



Europaisch s Patentamt 
European Patent Offic 

Office europeen des brevets (1 1 ) EP 0 986 165 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

17.01.2001 Bulletin 2001/03 

(43) Date of publication A2: 

15.03.2000 Bulletin 2000/11 

(21) Application number: 99117585.2 

(22) Date of filing: 07.09.1999 



(51) int. ci. 7 : H02M 1/12, H02M 5/458, 
H02J 3/01 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Ikekame, Hiroo, 


MC NLPTSE 


c/o Kabushiki Kaisha Toshiba 


Designated Extension States: 


Tokyo 105-8001 (JP) 


ALLTLVMKROSI 


• Fukusawa, Katsumi, 




c/o Kabushiki Kaisha Toshiba 


(30) Priority: 08.09.1998 J P 25400098 


Tokyo 105-8001 (JP) 


17.02.1999 JP 3857599 


• Karasawa, Dai, 




c/o Kabushiki Kaisha Toshiba 


(71) Applicant: 


Tokyo 105-8001 (JP) 


KABUSHIKI KAISHA TOSHIBA 


Kawasaki-shi, Kanagawa-ken 210-8572 (JP) 


(74) Representative: 




Blumbach, Kramer & Partner GbR 




Radeckestrasse 43 




81245 Munchen (DE) 



CO 

< 

in 

CO 
CO 

oo 
o> 



(54) Power conversion system 

(57) A power conversion system always keeps a 
constant voltage level relative to the ground potential 
and shows an improved control lability for the noise com- 
pensation current. In the noise reduction circuit (8) of 
the system, a rectified DC voltage is applied to the pos- 
itive side output line (P1) and the negative side output 
line (N1). The DC voltage is divided by a pair of capaci- 
tors (Cp, Cn) connected in series with the intermediary 
point (11) held to the ground potential. Thus, the posi- 
tive side output line (P1) can always supply a positive 
voltage that is held to a constant level relative to the 
ground potential. Similarly, the negative side output line 
(N1 ) can always supply a negative voltage that is held to 
a constant level relative to the ground potential. Addi- 
tionally, as the transistors (Tr1, Tr2) are controlled for 
on/off operations by the amplifier (7), the noise compen- 
sation current (i) flows through the noise reduction cir- 
cuit (8) between the input grounding terminal of the full- 
wave rectifier (2) and the ground. 
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